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STIMULUS EQUIVALENCE: EFFECTS OF
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Default-response options, intended to measure uncertainty, sometimes are included in discrete-
choice measurement in an attempt to clarify stimulus control of remaining response options. Recent
experiments have used a default-response procedure to investigate emergent stimulus relations, but
no study to date has compared effects of different default-response procedures on emergence of the
untrained relations that define stimulus equivalence. Five groups of college undergraduates (each n
5 16) completed a conditional discrimination training procedure to instate the stimulus relations
prerequisite to three three-member equivalence classes; a training review intermingling all of the
explicitly trained relations; and tests for emergent relations. The groups differed in terms of (a)
presence versus absence of a ‘‘none’’ option during emergent relations tests and (b) the amount of
experience with ‘‘catch trials’’ in which ‘‘none’’ was the correct selection. Stimulus equivalence was
demonstrated in 94% of subjects in a control group who were trained and tested without the ‘‘none’’
response option and without catch trials and in 41% of subjects in the ‘‘none’’ groups. Among
subjects in the ‘‘none’’ groups who failed to demonstrate equivalence initially, 95% did so when
retested under control-group conditions. Across ‘‘none’’ groups, probability of equivalence class
formation was positively correlated with amount of experimental experience with catch trials in
preliminary training and equivalence testing. Among the emergent relations defining stimulus equiv-
alence, reflexivity was most often precluded by the ‘‘none’’ option, although there was evidence of
group differences in relation specificity. These results suggest that a default-response option can
interfere with the formation of emergent relations, and that the effects are contextually sensitive.
Although there may be advantages to employing default-response procedures in studies of emergent
stimulus relations, the responses they control should be viewed as behavior under specific stimulus
control rather than a generic expression of uncertainty.

Key words: conditional discrimination, stimulus equivalence, default-response option, uncertainty,
points, computer mouse click, college students

Stimulus equivalence procedures are nota-
ble for promoting the emergence of numer-
ous untrained, arbitrary relations from the
training of only a few. Much of the stimulus
equivalence literature is devoted to under-
standing when and how these emergent re-
lations occur, and the range of methods ap-
plied to this endeavor has grown in recent
years. Although the primary focus remains on
accuracy (i.e., class consistency) of perfor-
mance in match-to-sample tasks, equivalence
experiments increasingly include measures of
other outcomes, such as latency of match-to-
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sample responses (Bentall, Dickins, & Fox,
1993; Spencer & Chase, 1996), self-reports
about match-to-sample responses (Lane &
Critchfield, 1996; Wulfert, Dougher, &
Greenway, 1991), or transfer of function
among stimuli involved in the match-to-sam-
ple procedures (Dougher, 1994).

One recent, but largely unexplored, inno-
vation in research on emergent stimulus re-
lations is to include a default-response option
within the match-to-sample procedure used
to test for emergent relations. Match-to-sam-
ple tasks require subjects to select from
among a few stimuli, and weak stimulus con-
trol is manifested by inconsistent selection
patterns. Taken at face value, default-re-
sponse procedures could be said to allow sub-
jects to answer with the equivalent of ‘‘don’t
know’’ or ‘‘none of the above.’’ A guiding as-
sumption in the design of such procedures is
that, by strongly controlling behavior that
otherwise would be weakly determined by ex-
perimental manipulations, the default-re-
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sponse option can remove noise from the
measurement system and thus clarify the con-
trol of behavior by other stimuli (e.g., Bickel,
Oliveto, Kamien, Higgins, & Hughes, 1993;
Fields, Reeve, Adams, Brown, & Verhave,
1997; Shields, Smith, & Washburn, 1997; cf.
Dube & McIlvane, 1996). Any tool that clari-
fies stimulus control should be welcome in
the arsenal of methods used to examine stim-
ulus equivalence.

Two recent studies of emergent arbitrary
relations have employed a default-response
option. In a test of relational frame theory,
Roche and Barnes (1996) sometimes includ-
ed a response option that was designated by
a question mark, and told subjects to choose
this option ‘‘if you think that none of the
available choices are correct’’ (p. 462). Emer-
gent relations predicted from relational
frame theory apparently were not disrupted
by the presence of this response option, and
6 of 10 subjects chose the question mark on
trials that contained no match as defined by
the theory. In a study of equivalence class ex-
pansion through primary generalization,
which involved tests for matching class mem-
bers to novel exemplars defined by physical
similarity to same-class members, Fields and
colleagues sometimes included a response
option labeled ‘‘neither’’ (Fields et al., 1997).
Some stimuli that were treated as class con-
sistent in a traditional procedure (excluding
the ‘‘neither’’ option) were treated as class
inconsistent with the default-response option
present. In both studies just described, con-
clusions about the robustness of emergent
stimulus control were based partly on the de-
fault-response data.

Default responses are not unique to studies
of equivalence, and studies from other re-
search areas indicate that (a) default-re-
sponse options can alter the distribution of
responses made to other options, but (b) the
frequency and effects of default responses de-
pend on a variety of factors (e.g., Bickel et
al., 1993; Critchfield, 1996; Johansen, Gips, &
Rich, 1993; Shields et al., 1997; Sudman,
Bradburn, & Schwartz, 1996; Thomson,
1920). It seems likely, therefore, that default-
response procedures will be most informative
to the study of emergent stimulus relations
when their operating characteristics have
been investigated in the proper context (e.g.,
see R. Saunders, 1996). The equivalence stud-

ies by Roche and Barnes (1996) and Fields et
al. (1997) represent interesting applications
of default-response technology. But it re-
mains to be seen how variations in default-
response procedures affect performance dur-
ing equivalence tests, and how variations in
equivalence procedures modulate the impact
of default options on equivalence class for-
mation. No single study can meet this agen-
da, but the present report describes an at-
tempt to identify some of the relevant
variables. Five groups of subjects completed
conditional discrimination training and
equivalence testing that were identical except
for the presence or absence of a default-re-
sponse option and the amount of experience
that might help to define the function of the
default option. The resulting groups includ-
ed one that was trained and tested tradition-
ally and four others that completed equiva-
lence testing with a default-response option
(labeled ‘‘none’’) available.

METHOD
Subjects and Apparatus

Undergraduate students (N 5 80), recruit-
ed from psychology classes, participated in
exchange for bonus course credit. Participa-
tion time was earned according to contingen-
cies described below. Time of participation
was converted to course credit according to
various policies established by course instruc-
tors, typically within the constraint that bonus
credit not exceed 2% of the course total. Sub-
jects worked alone in a small room, respond-
ing with a mouse to figures presented on a
color monitor. An IBM-compatible personal
computer, housed in an adjacent room, was
used to control session events and collect the
data, using custom programs written in Mi-
crosoft QuickBasict.

Procedure
Stimuli. The experimental contingencies di-

vided nine stimuli, each red and about 2 cm
square, into three mutually exclusive three-
member classes, arbitrarily defined in the
sense that there were no intended physical or
thematic similarities among members of a
class. Figure 1 shows the stimuli and classes.

Reinforcer. A deception was used to establish
points as reinforcers. Subjects were told at the
start of participation that each correct re-
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Fig. 1. Stimuli used in the experiment.

sponse earned 20 s of participation time, and
that the amount of total participation time
documented for extra credit purposes de-
pended entirely on session performance. The
research protocol actually required that (a)
all subjects receive credit at least commen-
surate with time actually spent in the experi-
ment; and (b) any subject who earned fewer
seconds than actually spent in the experi-
ment be debriefed immediately. Otherwise,
subjects were debriefed by mail at the end of
the academic quarter. For all subjects, time
earned at least matched actual time of partic-
ipation. Thus, the deception was not revealed
until after all subjects had completed the ex-
periment.

Trial format. During sessions, the subject’s
screen was black except for five boxes, each
about 5 cm square, outlined in white. One
box was located in the center of the screen,
and the others appeared at the corners. At
the start of each trial, a sample stimulus ap-
peared in the center box. A mouse click on
this stimulus produced comparison stimuli in
three of the corner boxes. If the ‘‘none’’ op-
tion was available, the word ‘‘none’’ appeared
in white, about 0.5 cm high, inside the fourth
box. The location of the correct comparison
stimulus, and of the ‘‘none’’ option, was
counterbalanced within sessions. A mouse
click inside one of the comparison boxes reg-
istered a response and produced feedback, if
scheduled, followed immediately by the next
trial.

Feedback. During training phases, subjects
received feedback after each trial. Immediate-
ly after a comparison stimulus was selected,
the stimuli and boxes were cleared from the
screen, and the word ‘‘CORRECT’’ or ‘‘IN-
CORRECT’’ appeared in letters about 3 cm
high at the top of the screen. About 5 cm

below, near the center of the screen, was the
message ‘‘TIME EARNED 5 X SECONDS,’’
with X 5 20 for correct responses and 0 for
incorrect responses. After 1 s, the screen
cleared and the next trial began.

Instructions. The informed consent agree-
ment, and text shown on the subject’s screen
prior to the start of the first session, stated
the following:

You will be asked to use a mouse to identify
logical relationships between alphanumeric
and geometric symbols on the screen of a
computer. Correct selections will earn seconds
of extra credit, which may or may not be
shown on your computer screen. At the begin-
ning of each trial five boxes will appear on the
screen, one in the middle and four in the cor-
ners. A shape will appear in the middle box.
Moving the mouse into the middle box and
pressing the mouse button will produce
shapes in either three or four of the corner
boxes. You may earn seconds of extra credit
by selecting the correct shape from one of the
corner boxes. To make a selection, place the
cursor in the corner box you wish to select
and press the red mouse button. To begin this
session, press the red mouse button now.

Experimental design. Subjects were assigned
nonsystematically to one of five groups, each
containing 16 subjects. For all groups, con-
ditional discriminations first were taught sep-
arately and then were intermingled within
sessions in a training review; emergent rela-
tions were subsequently tested during ses-
sions with no feedback. Table 1 summarizes
the key differences between groups. First,
some groups participated in a preliminary
phase in which the selection of the ‘‘none’’
option was reinforced on catch trials, which
included no class-consistent selection. Sec-
ond, the groups received different amounts
of experience with catch trials following the
conclusion of the preliminary training phase
in which they were introduced. Specifically,
both during the mixed training review and
during equivalence testing, there were group
differences in the proportion of catch trials
encountered among the previously trained
relations. This feature was included in the de-
sign under the assumption that ongoing ex-
perience with catch trials might help to de-
termine the function of the ‘‘none’’ option.
Finally, the ‘‘none’’ option could be present
or absent during emergent relations testing.
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Table 1

Procedure summary for the five groups.

Variable

Group

Control No training 0% 25% 50%

Catch-trial pretraining with none option
Catch trials in mixed training review
None option on AB and AC trials during

mixed training review
Catch trials during equivalence testing
None option on test trials

No
No

No
No
No

No
No

No
No
Yes

Yes
No (0%)a

No
No (0%)a

Yes

Yes
27%a

Yes
20%a

Yes

Yes
50%a

Yes
50%a

Yes
a Percentage of previously trained relations that were catch trials rather than A-B and A-C relations.

Table 1 illustrates that the between-groups
manipulations represented packages of vari-
ables rather than a component analysis in-
volving all possible combinations of these
variables. Table 2 shows the sequence of
phases for each group and the stimulus con-
figurations employed in the trials of each
phase.

Phases 1 and 2: Conditional discrimination
training. Initial training was identical for all
groups and incorporated relations necessary
for three separate three-member stimulus
classes. For each potential class, a single sam-
ple stimulus was paired, on different trials,
with each of the other two stimuli in the class.
Phases 1 and 2 employed identical proce-
dures but used different stimuli. In Phase 1,
all of the A-B relations (A1-B1, A2-B2, and A3-
B3) were trained. In Phase 2, all of the A-C
relations (A1-C1, A2-C2, and A3-C3) were
trained. In both phases, sessions were 24 trials
long, and the mastery criterion was comple-
tion of two consecutive sessions with accuracy
of at least 92%. Relations from different stim-
ulus classes alternated unsystematically across
trials, with the caveat that sample-comparison
pairs from a single class could appear on a
maximum of three consecutive trials. In
Phases 1 and 2, each comparison stimulus ar-
ray included the correct match and two non-
matching comparison stimuli (Table 2). The
fourth comparison box was blank. Feedback
followed every trial.

Phase 3: Catch-trial training. In Phase 3, sub-
jects learned to use the ‘‘none’’ option. Phase
3 was omitted for the control group, which
never encountered the default-response op-
tion, and for the no-training group, which
first encountered the default-response option
at the start of equivalence testing. Sessions in-
cluded 24 catch trials in which there was no

correct response option according to the con-
tingencies established in Phases 1 and 2. The
sample stimuli were the same as used in
Phases 1 and 2, and the comparison stimuli
all were from different classes than the sam-
ple (Table 2), making ‘‘none’’ the correct re-
sponse option on all trials. Feedback followed
every trial. The mastery criterion was the
same as in Phases 1 and 2.

Phase 4: Mixed training review. Previously
learned trial types were intermingled within
sessions (12 A-B and 12 A-C trials, plus catch
trials for some groups). The number of catch
trials per session varied across groups, and
was defined as a proportion of total trials: 0
(zero trials) for the control, no-training, and
0% groups; .27 (nine trials) for the 25%
group; and .50 (24 trials) for the 50% group.
The ‘‘none’’ option was present on every trial
for the 0%, 25%, and 50% groups, and was
not present for the control and no-training
groups. Feedback followed every trial. Mas-
tery was defined as accuracy of at least 96%
on each of two consecutive sessions.

Phase 5: Emergent relations testing. No feed-
back followed responses on any trial in this
phase. Sessions always included 96 emergent
relations tests: 24 for reflexivity, 24 for sym-
metry, and 48 involving the previously un-
paired B and C members of each stimulus
class. In the present training format, B-C and
C-B relations are considered to be combined
tests for symmetry and transitivity (R. Saun-
ders & Green, 1992), because neither stimu-
lus has previously served as a sample stimulus.
We will refer to these hereafter as combined
tests.

Intermingled among the novel trials were
tests for the maintenance of previously
trained relations. Among these were 12 A-B
and 12 A-C tests, plus catch trials for some
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Table 2

Trial configurations and number of trials of each type per session, by group, for each of the
experimental phases. Stimulus locations on the subject’s screen were counterbalanced within ses-
sions. See text for details. (Co1 5 class-consistent selection; Co2 5 class-inconsistent selection)

Phase Description

Stimuli

Sam-
ple Co1 Co2 Co2 Co2

Groups

Control
No

training 0% 25% 50%

1 A-B training
A1
A2
A3

B1
B2
B3

B2
B1
B1

B3
B3
B2

24
8
8
8

24
8
8
8

24
8
8
8

24
8
8
8

24
8
8
8

2 A-C training
A1
A2
A3

C1
C2
C3

C2
C1
C1

C3
C3
C2

24
8
8
8

24
8
8
8

24
8
8
8

24
8
8
8

24
8
8
8

3 Catch-trial training
A1
A2
A3

N
N
N

B2
B1
B2

C2
B3
C1

C3
C3
C2

0
0
0
0

0
0
0
0

24
8
8
8

24
8
8
8

24
8
8
8

4 Mixed training review
A1
A2
A3
A1

B1
B2
B3
C1

B2
B1
B1
C2

B3
B3
B2
C3

Na

Na

Na

Na

24
4
4
4
4

24
4
4
4
4

24
4
4
4
4

33
4
4
4
4

48
4
4
4
4

A2
A3
A1
A2
A3

C2
C3
N
N
N

C1
C1
B2
B1
B2

C3
C2
C2
B3
C1

Na

Na

C3
C3
C2

4
4
0
0
0

4
4
0
0
0

4
4
0
0
0

4
4
3
3
3

4
4
8
8
8

5 Equivalence tests
Trained relations

120
24

120
24

120
24

126
24

144
24

A1
A2
A3
A1
A2
A3

B1
B2
B3
C1
C2
C3

B2
B1
B1
C2
C1
C1

B3
B3
B2
C3
C3
C2

Nb

Nb

Nb

Nb

Nb

Nb

4
4
4
4
4
4

4
4
4
4
4
4

4
4
4
4
4
4

4
4
4
4
4
4

4
4
4
4
4
4

Catch trials
A1
A2
A3

N
N
N

B2
B1
B2

C2
B3
C1

C3
C3
C2

0
0
0
0

0
0
0
0

0
0
0
0

6
2
2
2

24
8
8
8

Reflexive tests
A1
A2
A3

A1
A2
A3

A2
A1
A1

A3
A3
A2

Nb

Nb

Nb

24
8
8
8

24
8
8
8

24
8
8
8

24
8
8
8

24
8
8
8

Symmetrical tests
B1
B2
B3
C1
C2
C3

A1
A2
A3
A1
A2
A3

A2
A1
A1
A2
A1
A1

A3
A3
A2
A3
A3
A2

Nb

Nb

Nb

Nb

Nb

Nb

24
4
4
4
4
4
4

24
4
4
4
4
4
4

24
4
4
4
4
4
4

24
4
4
4
4
4
4

24
4
4
4
4
4
4

Combined tests
B1
B2
B3
C1
C2
C3

C1
C2
C3
B1
B2
B3

C2
C1
C1
B2
B1
B1

C3
C3
C2
B3
B3
B2

Nb

Nb

Nb

Nb

Nb

Nb

48
8
8
8
8
8
8

48
8
8
8
8
8
8

48
8
8
8
8
8
8

48
8
8
8
8
8
8

48
8
8
8
8
8
8

6 Equivalence posttest
Same as Phase 5 for the control group.

a For the control, no-training, and 0% groups, a blank comparison box substituted for the none option during the
mixed training review.

b For the control group, a blank comparison box substituted for the none option during equivalence testing.
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Fig. 2. Group differences in performance on the
trained relations. Top panel: sessions required to meet
the mastery criterion in the mixed training review (Phase
4). Bottom panel: number of retraining sessions re-
quired, during equivalence testing, after accuracy on
trained relations dropped below 90%. Asterisks indicate
significant differences from control-group performance.

groups. The number of catch trials per ses-
sion was defined as a proportion of the total
number of trials involving previously trained
relations: 0 (zero trials) for the control, no-
training, and 0% groups; .20 (six trials) for
the 25% group; and .50 (24 trials) for the
50% group.

If performance on any of the prerequisite
relations dropped below 90% in a session, the
mixed training review (Phase 4) was reinstat-
ed until the mastery criterion was met, and
then testing resumed. As long as accuracy on
each of the prerequisite relations remained
at 90% or higher, emergent relations testing
continued until one of two criteria was met.
A subject who scored 90% or higher on all
three emergent relations tests on each of
three consecutive sessions was considered to
have demonstrated stimulus equivalence. A
subject who exhibited stable performance
(based on visual inspection) on reflexivity,
symmetry, and combined tests across three
consecutive sessions, but scored consistently
less than 90% on any of the three types of
tests, was considered not to have demonstrat-
ed stimulus equivalence.

Phase 6: Control testing for failed subjects. Sub-
jects in the ‘‘none’’ groups who failed to dem-
onstrate stimulus equivalence completed an
additional emergent relations test phase in
which conditions were identical to those for
the control group in Phase 5 (i.e., no ‘‘none’’
option available, and no catch trials). One
control-group subject (171) who failed Phase
5 equivalence testing was not retested. At the
start of this phase subjects were told not to
select blank boxes. Completion criteria were
the same as for Phase 5.

RESULTS

Data analyses evaluated (a) performance
on prerequisite relations trained during the
initial phases of the study; (b) maintenance
of these prerequisite relations during equiv-
alence testing; (c) performance on the initial
emergent relations tests; and, if applicable,
(d) performance on the control posttest. Be-
cause the mastery criterion for emergent re-
lations during Phases 5 and 6 specified per-
formance over three consecutive sessions,
‘‘terminal’’ data refers to the final three ses-
sions per phase. Group differences were cor-
roborated statistically using analyses of vari-

ance followed by post hoc comparisons
between the control and other groups using
the Dunnett test (one tailed, p , .05).

Training Results
All subjects mastered the A-B and A-C re-

lations prerequisite to equivalence class for-
mation, and most did so readily. One-factor
ANOVAs applied to the data in Appendix A
found no statistically reliable group differ-
ences in the number of sessions needed by
subjects to meet the mastery criteria during
the A-B and A-C training of Phases 1 and 2
(combined) or the catch-trial training of
Phase 3 (0%, 25%, and 50% groups). There
was a significant group effect for sessions
needed to complete the mixed training re-
view of Phase 4, F(4) 5 4.14, p 5 .0029. Post
hoc comparisons confirmed that the 25%
and 50% groups (for whom catch trials and
the ‘‘none’’ response option were included in
the mixed training review) took longer, on
average, to complete this phase than did the
control group (Figure 2, top panel).

Maintenance of Trained Relations
During Testing

As they were taught to do during training,
subjects exposed to catch trials during testing
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Fig. 3. Percentage of subjects demonstrating stimulus
equivalence in the initial emergent relations tests of
Phase 5. The rightmost bar shows the percentage of
failed subjects (all experimental groups combined) who
demonstrated stimulus equivalence in the control post-
test of Phase 6.

Table 3

Patterns of nonequivalence outcomes (P 5 pass, F 5 fail)
in the equivalence tests of Phase 5, and the number of
subjects in each group showing these patterns. See text
and Appendix B for details.

Group Relation Outcome

Reflexive
Symmetrical
Combined

F
P
P

F
P
F

P
P
F

F
F
F

P
P
P

Control
No training
0%

25%
50%
Total

1
7
4
3
2

17

0
4
7
5
3

19

0
0
1
0
1
2

0
0
1
0
0
1

15
5
3
8

10
41

(25% and 50% groups) reliably made the
‘‘none’’ response when it was appropriate to
do so (mean correct on catch trials 5 99%;
Appendix B). Although the prerequisite re-
lations (A-B and A-C) typically were main-
tained at high levels of accuracy during test-
ing, 15 subjects required retraining when
performance on these relations dropped be-
low 90% during unreinforced test sessions
(Appendix B). The bottom panel of Figure 2
shows that, based on a one-factor ANOVA,
there was a statistically reliable group effect
for number of retraining sessions necessary
to complete the testing phase, F(4) 5 2.57, p
5 .045. Subjects in the no-training group
tended to require more retraining sessions
than subjects in the control group (Figure 2,
bottom panel). During the terminal sessions
of testing, which provided the main data, per-
formance on the trained relations was near
100% for all subjects (Appendix B).

Emergent Relations Test Performance

Figure 3 shows the percentage of subjects
in each group who exhibited stimulus equiv-
alence, that is, scored above 90% accuracy on
reflexivity, symmetry, and combined tests for
three consecutive sessions. In the control
group, which was trained and tested conven-
tionally, 94% of subjects (15 of 16) demon-
strated the emergent relations indicative of

stimulus equivalence. In the remaining
groups, all of which had some exposure to
the ‘‘none’’ response option, 41% of subjects
(26 of 64) demonstrated equivalence. Few
subjects showed equivalence in the no-train-
ing group, and among the remaining groups,
the number of subjects exhibiting equiva-
lence was positively related to amount of ex-
perience with catch trials (i.e., 50% . 25% .
0%). Appendix B shows the corresponding
terminal data for individual subjects during
the initial equivalence tests of Phase 5. Figure
3 also shows that 95% (36 of 38) of the sub-
jects who failed the initial equivalence test of
Phase 5 showed equivalence when retested in
Phase 6 under conditions equivalent to those
of the control group (no catch trials or
‘‘none’’ option).

Overall in Phase 5, 99% of subjects (79 of
80) passed the symmetry tests, 75% (58 of 80)
passed the combined symmetry-transitivity
tests, and 54% (43 of 80) passed the reflex-
ivity tests. Table 3 shows that the most com-
mon outcomes among subjects who did not
demonstrate equivalence were to fail reflex-
ivity tests while passing the other two tests and
to fail reflexivity and combined tests while
passing the symmetry tests.

Figure 4 shows the percentage of subjects
in each group who demonstrated each of the
emergent relations in the initial equivalence
test of Phase 5. A 5 (group) 3 3 (type of
emergent relation) ANOVA, conducted on
these outcomes using percentage of correct
(i.e., class consistent) responses as the depen-
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Fig. 4. Percentage of subjects demonstrating reflex-
ive, symmetrical, and combined relations. Asterisks indi-
cate significant differences from control-group perfor-
mance, according to paired comparisons of match-to-sample
accuracy. See text for details. Performances of failed sub-
jects in the control posttest of Phase 6 (rightmost bar in
each panel) were not included in the statistical analyses.

dent measure,1 largely corroborated the vi-
sually evident patterns in Figure 4. Following
a Groups 3 Relation Type interaction, F(4, 2)
5 3.66, p 5 .0006, one-factor ANOVAs

1 This analysis serves in lieu of statistically corroborat-
ing categorical outcomes (here, each subject 5 pass or
fail) shown in Figures 3 and 4. The most commonly used
tool for evaluating categorical outcomes, the chi square
test, is logically inconsistent with the present experimen-
tal design because it compares actual group outcomes
with an expected frequency of outcomes based on
chance (here, eight pass and eight fail). In the present

showed statistically reliable group differences
for the reflexivity relation, F(4) 5 6.13, p 5
.0003, and the combined relation, F(4) 5
3.89, p 5 .0067, but not the symmetry rela-
tion. Post hoc comparisons following the sig-
nificant ANOVAs confirmed that the no-train-
ing, 0%, and 25% groups performed
especially poorly on reflexivity tests, and that
the 0% group performed especially poorly on
combined tests.

Relation Between Accuracy and
‘‘None’’ Selections

During equivalence test sessions in Phase
5, when the ‘‘none’’ option was available, sub-
jects rarely made incorrect responses by se-
lecting a comparison stimulus from the
wrong class. Instead, they tended to select the
‘‘none’’ option even though a class-consistent
selection was available. The top left panels of
Figure 5 show the relation between accuracy
and percentage of ‘‘none’’ selections in
pooled group data from equivalence test ses-
sions (catch trials excluded). For emergent
relations, the figure shows three points per
subject (reflexivity, symmetry, and combined
relations) for each test session. For previously
trained prerequisite relations, the figure
shows two points per subject (A-B and A-C
relations) for each test session. At the group
level, there was a strong negative correlation
(r 5 2.995 for all relations combined) be-
tween percentage correct and percentage of
‘‘none’’ responses. Because many subjects
passed or failed the equivalence tests in close
to the minimum number of sessions (Appen-
dix B), and therefore showed little variability
in performance, analogous individual analy-
ses were possible only in selected cases. The
individual-subject scatter plots in Figure 5
represent (a) 6 subjects who showed gradual
emergence of an untrained relation across

study the comparisons of primary interest are between
the control group and other groups. An alternative ap-
proach, of defining expected frequencies in terms of
control-group outcomes, is also invalid because chi
square is regarded as inappropriate for expected fre-
quencies of less than five (e.g., Camilli & Hopkins, 1978).
Because percentage correct is a continuous measure, its
use in the analyses may be seen as inconsistent with the
definition of equivalence as a categorical outcome (e.g.,
Sidman, 1994). But it is important to note that although
operational definitions of success or failure on equiva-
lence tests may be categorical, the possible outcomes in
individual performances are not.
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Fig. 5. Top panels: relation between accuracy and selection of the ‘‘none’’ option during equivalence test sessions
(catch trials excluded). Top left two panels show pooled data for all subjects. Top right panels show data for selected
individuals. Bottom panels: session-by-session plots of data shown in the individual-subject scatter plots.

eight or more test sessions, producing a
range of accuracy values; (b) 1 subject (S232)
who produced essentially the opposite pat-
tern (after early signs of mastering the reflex-
ivity relation, shifting, over several sessions, to
exclusive use of the ‘‘none’’ option); and (c)

1 subject (S250) who showed unsystematic
variability across 13 test sessions before being
judged as failing the reflexivity tests. All eight
individual scatter plots are similar to the
group pattern (r 5 2.92 to 21.00). The low-
er panels of Figure 5 show the session-by-ses-
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sion covariation on which these scatter plots
are based.

DISCUSSION

Across groups, a ‘‘none’’ response option
controlled much behavior during equiva-
lence tests, and with this default-response op-
tion present, almost all class-inconsistent re-
sponses were ‘‘none’’ responses. Both
within-subject and between-groups contrasts
indicated that the ‘‘none’’ response option
tended to prevent subjects from demonstrat-
ing stimulus equivalence. In illustrating con-
straints on class formation, these results are
broadly consistent with those of Fields et al.
(1997), who included a default-response op-
tion during tests for expansion of previously
demonstrated equivalence classes based on
primary generalization. In that study, a de-
fault-response option reduced the likelihood
that a stimulus, novel but physically similar to
an equivalence class member, would be treat-
ed as consistent with previously formed class-
es. To our knowledge, however, the present
study is the first to examine the effects of a
default-response option on initial equivalence
class formation and is the first to compare the
effects of different default-response proce-
dures with control conditions in which sub-
jects were tested traditionally.

That a default-response option can disrupt
equivalence class formation should come as
no surprise based on precedents from other
research areas. For example, discrete-choice
response patterns, similar to those in condi-
tional discrimination procedures, can be al-
tered by including a ‘‘don’t know’’ option in
surveys (Sudman et al., 1996), an ‘‘other’’ op-
tion in human drug-discrimination proce-
dures (Bickel et al., 1993), and an ‘‘uncer-
tain’’ option in psychophysical judgments
(Shields et al., 1997; Smith et al., 1995;
Thomson, 1920). Disruption of equivalence
also might be predicted from Sidman’s ob-
servation that, for emergent relations to ap-
pear,

the subject must have learned, first, that each
trial . . . has a correct choice . . . ; and second,
that each trial has only one correct choice.
Without such a history, there is no reason why
the subject’s choices in a test without rein-
forcement should show any consistency at all.
(Sidman, 1992, p. 24)

A well designed test will arrange test trials so
that the experimentally established equiva-
lence class provides the only basis for classifi-
cation that remains possible—that works on ev-
ery trial. (Sidman, 1994, p. 512)

Poorly designed equivalence tests allow al-
ternative factors, such as control by negative
stimuli, to interfere with emergence of un-
trained relations (Carrigan & Sidman, 1992).
Default responses, like the ‘‘none’’ option of
the present study, provide another type of al-
ternative to class-consistent responses—one
that, from a subject’s perspective, might be
appropriate on any trial involving untrained
relations. It is interesting, therefore, that
many subjects in the present study demon-
strated equivalence despite the presence of a
‘‘none’’ alternative, and most subjects, re-
gardless of whether they passed or failed the
equivalence tests, performed consistently
throughout testing (note the systematic con-
trol of class-inconsistent responses by the
‘‘none’’ option in Figure 3, and, in Appendix
B, the typically low number of sessions to cri-
terion during Phases 5 and 6). Whether these
findings run counter to Sidman’s (1992,
1994) predictions depends on whether de-
fault responses are regarded as a generic al-
ternative (i.e., part of a generalized response
class) or as a response under more specific
stimulus control, as we discuss below.

Stimulus Control of Default Responses

Several group differences in the present
study suggest that the effects of a default-re-
sponse option during equivalence testing de-
pend on a history of making, and producing
reinforcement through, default responses. In
particular, recall that subjects in three groups
(0%, 25%, and 50%) completed preliminary
training (Phase 3) during which only catch
trials were presented and the use of the
‘‘none’’ option was reinforced. Thereafter,
these groups differed in terms of the per-
centage of trained relations in each session
that were comprised of catch trials (during
the mixed training review of Phase 4, and
during equivalence tests of Phase 5). Three
effects of this differential experience were ev-
ident. First, the 25% and 50% groups took
especially long, on average, to complete the
mixed training review of Phase 4. In this
sense, intermingling catch trials with other
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trained relations tended to slow training
progress. Second, only in a group without
catch-trial history (no-training group) did
subjects exposed to the ‘‘none’’ option have
difficulty maintaining the trained relations
during equivalence testing. This suggests
that, unless its function is well defined prior
to the introduction of unreinforced probe tri-
als, a default-response option can disrupt
even directly established stimulus control.2
Third, the ‘‘none’’ groups of the present
study differed in terms of their overall success
on the emergent relations tests. Among
groups that completed catch-trial training,
there was a positive correlation between
amount of subsequent experience with catch
trials and the likelihood of demonstrating
equivalence.

Only further investigation can determine
whether the effects just described resulted
from mere exposure to catch trials, as provid-
ed during the equivalence tests; from feed-
back about catch trials, as provided during
the mixed training review; or from a combi-
nation of the two factors. The performance
of subjects in the no-training group, however,
suggests that the answer is likely to be com-
plex. The no-training group completed the
mixed training review (Phase 4) and equiva-
lence tests (Phase 5) without catch trials (like
the 0% group), and encountered the default-
response option for the first time during
equivalence testing (unlike any of the other
‘‘none’’ groups). As in the 0% group, mem-
bers of this group were especially likely to fail
reflexivity tests, but unlike the 0% group,
tended to pass tests for the combined sym-
metry-transitivity relations (B-C). Catch-trial
training (Phases 3 and 4), therefore, did not
necessarily promote emergent relations, and
it seems likely that the relatively good out-
comes of the 25% and 50% groups are attrib-
utable to an interaction of catch-trial training
and experience with catch trials in the testing
context.

2 Experience with catch trials may not always prevent
disruption of performance by a default-response option.
The design of the present study originally included a
group in which 75% of trained relations (during the
mixed review and equivalence testing phases) were catch
trials, but the group was discontinued after performance
on trained relations was above 90% on only 18 of 49 total
equivalence test sessions completed by 7 pilot subjects.

Methodological Issues Relevant to
the Present Study

No independent assessment was conducted
to determine whether the subjects assigned to
the various groups had similar capabilities,
but two group outcomes from the study sug-
gest that they did. First, there were no system-
atic group differences in the number of ses-
sions needed to complete training on the A-B
and A-C relations that formed the basis for
equivalence. Second, many subjects in the
‘‘none’’ groups failed initial equivalence tests
(Phase 5), but nearly all demonstrated equiv-
alence when retested under conditions like
those used for the control group (i.e., with-
out catch trials or the ‘‘none’’ response op-
tion). It seems likely, therefore, that group
differences resulted from the experimental
manipulations and not from quirks of subject
assignment.

Although efforts were made to establish
the operating characteristics of default re-
sponses during a preliminary training phase,
the verbal label (‘‘none’’) used to designate
the default-response option complicates mat-
ters by potentially bringing to bear complex,
and undefined, preexperimental histories (R.
Saunders, 1996). This shortcoming applies as
well to default-response options used in two
previous equivalence studies (‘‘?’’ in Roche &
Barnes, 1996; ‘‘neither’’ in Fields et al.,
1997). One useful research strategy would be
to replicate these studies using an arbitrarily
designated default-response option whose
function is established entirely in the context
of the experiment, as has been approximated
in psychophysical studies with humans
(Shields et al., 1997) and accomplished with
nonverbal subjects such as bottlenose dol-
phins and rhesus monkeys (Shields et al.,
1997; Smith et al., 1995). In such cases, re-
sults should reflect an interaction between
the training history used to establish default
responses initially and the charateristics of
new situations in which they can occur sub-
sequently (e.g., R. Saunders, 1996).

The pervasive disruption of reflexivity in
the present study bears closer inspection than
the present experimental design permits. Un-
fortunately, the equivalence tests of the pres-
ent study included tests only for the A-A re-
flexivity relation. In taking this step to
promote economy in testing, we endorsed a
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common belief that reflexivity relations are
especially robust for normally functioning
adults (e.g., some equivalence studies have
omitted reflexivity tests altogether). But the
omission of B-B and C-C tests creates ambi-
guity regarding three interesting possibilities.
The first is that, because testing experience
alone can sometimes help to promote equiv-
alence (e.g., Harrison & Green, 1990), reflex-
ivity might have emerged—despite the de-
fault-response option—had tests also been
included for all reflexive relations. The sec-
ond possibility is that the catch trials of the
present study, by always employing the A stim-
uli as samples (see Table 2), created A-
‘‘none’’ relations that could be expected to
interfere selectively with the A-A reflexivity
tests. If so, then subjects with catch-trial ex-
perience might often fail A-A tests, as in the
present study, but pass B-B and C-C tests.

A third possibility is that, contrary to our
own tacit assumptions at the start of the study,
reflexivity may be especially fragile in some
circumstances. Reflexive relations also were
found to be unusual in a recent study of self-
reports about emergent relations, in which
discrepancies between reports and actual per-
formance were most likely to occur for re-
flexive relations (Lane & Critchfield, 1996).
These two studies share a reliance on training
protocols in which each stimulus serves solely
as a sample or a comparison (one-to-many, or
sample-as-node; see Fields, Verhave, & Fath,
1984; K. Saunders, Saunders, Williams, &
Spradlin, 1993; R. Saunders & Green, 1992).
By contrast, in some other types of training
protocols, stimuli may serve as a sample in
one prerequisite relation and as a compari-
son in another. A default-response option
might have different effects given different
training protocols.

Conclusions and Possible Extensions

Discussions about default responses, dating
back to the earliest days of psychophysics
(e.g., Jastrow, 1888), frequently have echoed
two themes. First, default-response options,
when available, tend to be used by subjects.
Second, the precise factors controlling their
use are a matter of debate. Both themes are
illustrated in the present study.

That default-response options control be-
havior means that they will compete with the
control of behavior by other variables. Thus,

default-response procedures may be useful in
evaluating the robustness of emergent rela-
tions. At a general level, questions of robust-
ness bear on the plausibility of claims that
stimulus equivalence is a component of com-
plex, naturally occurring human capabilities
such as language (Hayes, Hayes, Sato, & Ono,
1994) and category formation (e.g., Fields,
Reeve, Adams, & Verhave, 1991). Everyday
acts of communication and conceptualization
emerge under relatively unconstrained con-
ditions in which the range of possible re-
sponses is far greater than the two or three
provided in conditional discrimination trials.
Among the options available are to not re-
spond at all or to do something unrelated to
the task at hand (e.g., see Smith et al., 1995).
By providing competing sources of control,
default-response options appear to mimic an
important characteristic of the natural envi-
ronments and thus improve the face validity
of equivalence investigations (e.g., see Fields
et al., 1997).

At a more specific level, default-response
procedures could be useful when research
questions focus on the differential ‘‘associa-
tive strength’’ of stimulus relations (e.g.,
Fields, Adams, Verhave, & Newman, 1993;
Fields & Verhave, 1987). Examples might in-
clude different types of emergent relations
(e.g., Lane & Critchfield, 1996), relations re-
flecting different nodal distances (e.g., Fields,
Adams, Verhave, & Newman, 1990), relations
derived from different amounts or types of
training with prerequisite relations (e.g., K.
Saunders et al., 1993), and relations that have
been challenged by factors like class-reversal
training (e.g., Pilgrim & Galizio, 1995), drug
manipulations, or fatigue.

Inevitably, interpreting the effects of de-
fault options on other performances will de-
pend on understanding what controls them.
Default responses sometimes have been de-
scribed as representing broad, situation-non-
specific response classes—for example, a ge-
neric expression of uncertainty (Roche &
Barnes, 1996; Smith et al., 1995), or a generic
means of escaping aversive situations in which
the probability of reinforcement is low or the
probability of punishment is high (e.g.,
Critchfield, 1996; Durand, Guffey, & Plan-
chon, 1983; Johanson et al., 1993; see also
Smith et al., 1995). But R. Saunders (1996)
has argued that it is risky to assume generic
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properties of default responses, in part be-
cause generic repertoires, if they exist, likely
result from different histories in different
subjects. Although generic properties of de-
fault responses cannot be ruled out in the
present study, between-groups differences in
modal outcomes suggest specific forms of
stimulus control over default responses, most
plausibly acquired within the experiment. It
therefore seems appropriate to extend Saun-
ders’ position by proposing that the operat-
ing characteristics of default responses will
depend on each study’s conditional discrim-
ination training protocol, stimulus class struc-
ture, contingencies, and means of arranging,
labeling, and training default responses.
What remains to be determined is whether
this complexity compromises the measure-
ment opportunities provided by default-re-
sponse procedures or merely introduces a fas-
cinating new set of stimulus relations into
equivalence research.
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APPENDIX A

Number of sessions required by each subject to achieve mastery (90% correct for two con-
secutive sessions) in each training phase.

Phase Subjects

Control group 166 168 169 171 172 173 174 175 176 177 180 181 183 184 185 263 M

1. A-B training
2. A-C training
3. None training
4. Mixed review

3
3

2

9
3

3

4
3

3

4
2

3

3
3

3

3
3

2

3
2

2

4
2

2

4
2

2

4
2

3

3
2

2

4
3

2

4
2

2

3
5

2

5
4

2

3
4

3

3.94
2.81

2.38

No-training
group 279 280 281 282 284 285 288 289 292 293 300 301 310 325 334 341 M

1. A-B training
2. A-C training
3. None training
4. Mixed review

6
3

2

3
3

2

3
2

2

2
3

2

3
4

2

2
2

2

3
3

2

3
3

2

3
3

2

3
2

2

6
3

3

6
5

2

3
3

2

5
3

2

3
3

2

2
3

2

3.50
3.00

2.06

0% group 227 229 230 231 232 233 234 235 236 240 242 244 255 256 258 275 M

1. A-B training
2. A-C training
3. None training
4. Mixed review

3
3
3
2

3
3
2
2

3
3
3
2

3
3
2
2

3
3
3
3

4
3
2
4

6
4
3
4

3
3
2
2

4
3
2
3

4
3
2
2

4
3
2
4

4
3
2
2

3
3
3
2

3
2
2
2

3
3
2
4

7
6
3
5

3.75
3.19
2.38
2.81

25% group 200 202 203 206 208 211 213 245 246 247 248 250 257 259 277 278 M

1. A-B training
2. A-C training
3. None training
4. Mixed review

3
3
2
3

3
2
2
2

2
3
2
4

3
3
3
2

2
3
2
3

5
3
3
3

3
3
2
3

3
3
2
2

2
2
2
5

4
3
2
2

3
5
3
3

4
4
3
4

2
3
2
3

4
3
2
3

5
2
3
3

3
3
3
7

3.19
3.00
2.38
3.25

50% group 192 193 194 196 198 199 215 216 219 223 249 260 261 262 276 283 M

1. A-B training
2. A-C training
3. None training
D. Mixed review

4
3
2
3

4
2
2
2

3
2
3
2

3
3
4
4

11
2
4
6

4
3
3
6

5
3
3
3

3
2
2
3

3
2
2
2

6
2
2
3

4
2
2
2

3
3
2
6

3
3
3
3

3
2
3
3

3
3
3
3

6
3
2
3

4.25
2.50
2.63
3.38
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APPENDIX B

Equivalence test performances in Phases 5 and 6. Sessions to demonstration of equivalence of
failure; retraining necessary because of poor performance on trained relations during test ses-
sions; and percentage correct on each relation type during the final three sessions per phase.

Phase 5: Initial equivalence tests

Phase 6: Control equivalence
tests for failed subjects

Group
Sub-
ject

Ses-
sions

to
criter-

ion

MTS
retrainings

Num-
ber

Ses-
sions

Emergent relations

Trained Catch

Re-
flexiv-

ity

Sym-
me-
try

Com-
bined

Ses-
sions

to
cri-
ter-
ion

MTS
retrainings

Num-
ber

Ses-
sions

Emergent relations

Trained

Re-
flexiv-

ity

Sym-
me-
try

Com-
bined

Control 166
168
169
171
172
173
174

3
3
3
5
3
3
3

0
0
0
0
0
0
0

0
0
0
0
0
0
0

99
99
96
97

100
100
100

100
97
97
1

100
100
100

100
99
96
99

100
100
100

99
99
99
99
99
99
99

175
176
177
180
181
183

3
3
3
3
4
4

0
0
0
0
0
0

0
0
0
0
0
0

100
100
100
99
96
99

100
100
100
100
100
99

100
100
100
97
99

100

97
100
99
98
99

100
184
185
263
M

3
3
7
3.50

0
0
2
0.13

0
0
6
0.38

100
100
93
99

97
100
100
92

96
100
99
99

98
99
97
98

No training 279
280
281
282
284
285

3
7
3
5

11
3

0
1
0
0
7
0

0
2
0
0

15
0

100
97

100
97
95
96

0
0

99
100

0
0

100
99

100
99
97
97

100
66
97

100
0
1

3
3

3
4

0
0

0
0

0
0

0
0

100
99

100
100

100
95

100
97

100
100

100
100

100
97

98
100

288
289
292
293
300

5
7
9
3
4

0
1
3
0
0

0
2
6
0
0

100
99

100
100
97

66
0
0
4

100

100
100
100
96
99

99
99

100
97
98

3
4
4
3

0
0
0
0

0
0
0
0

100
100
100
100

100
99

100
99

100
100
100
99

99
100
100
100

301
310
325
334
341
M

4
4
3
8
3
5.13

1
0
0
4
2
1.19

2
0
0

10
4
2.56

100
99
99

100
97
99

100
100

0
0
1

36

100
100
100
96
95
99

99
100
100
99
0

40

3
4
6

0
0
1

0
0
2

99
100
100

100
100
100

100
100
100

100
99
1

0% 227
229
230
231

3
3
3
7

0
0
0
0

0
0
0
0

97
95
97

100

0
0
0
0

100
15
96

100

1
2
0

100

3
3
5
3

0
0
0
0

0
0
0
0

100
100
100
99

100
100
97
99

100
100
100
100

99
99

100
100

232
233
234
235
236

7
3
3
3
6

0
0
0
0
1

0
0
0
0
2

100
96
96

100
100

0
0

100
0

100

100
97
97

100
100

100
0
1
0

99

3
5
7
3

0
0
1
0

0
0
2
0

100
97

100
100

100
100
100
100

100
100
97

100

98
96
97
97

240
242
244
255
256
258
275
M

3
3
6
3
3
7

22
5.31

0
0
1
0
0
2
4
0.63

0
0
2
0
0
4
8
1.31

100
99
97

100
97
99
97
98

99
0
0
0
0
0

97
25

100
97
97

100
100
100
100
94

100
98
0

97
0
0

99
44

3
3
3
3
3

0
0
0
0
0

0
0
0
0
0

99
97

100
100
100

100
99
99

100
97

100
97

100
100
100

100
95

100
100
98
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APPENDIX B

(Continued )

Phase 5: Initial equivalence tests

Phase 6: Control equivalence
tests for failed subjects

Group
Sub-
ject

Ses-
sions

to
criter-

ion

MTS
retrainings

Num-
ber

Ses-
sions

Emergent relations

Trained Catch

Re-
flexiv-

ity

Sym-
me-
try

Com-
bined

Ses-
sions

to
cri-
ter-
ion

MTS
retrainings

Num-
ber

Ses-
sions

Emergent relations

Trained

Re-
flexiv-

ity

Sym-
me-
try

Com-
bined

25% 200
202
203
206
208
211
213

5
4
5
6
3
3
3

0
0
1
0
0
0
0

0
0
2
0
0
0
0

97
96
99
99

100
100
99

94
100
100
100
94

100
100

99
0
0

100
1

100
0

99
99
97

100
99
97

100

98
1
0

93
100
99
0

3
3

3

3

0
0

0

0

0
0

0

0

100
100

100

97

100
99

97

99

99
100

100

99

99
98

99

99
245
246
247
248
250

10
3
3
5

10

0
0
0
1
0

0
0
0
2
0

100
99

100
97

100

100
94

100
100
100

100
1

99
1

64

100
99
99
99
99

99
98
97
0

100

3

8
3

0

0
0

0

0
0

99

100
97

100

100
100

100

100
100

99

100
100

257
259
277
278
M

3
3
3
7
3.75

0
0
0
0
0.13

0
0
0
0
0.25

100
99

100
99
99

100
100
100
100
99

100
100

0
100
54

100
100
99
99
99

99
99
1

98
68

7 0 0 99 100 99 99

50% 192
193
194
196
198

3
3
3
3
5

0
0
0
0
1

0
0
0
0
2

99
99
99
99
99

100
97

100
100
100

0
100
100
100
100

100
100
99

100
97

0
95
98
99
1

5

3

0

0

0

0

100

99

100

99

100

100

98

43
199
215
216
219
223
249

3
4
5
3
4
5

0
0
0
0
0
0

0
0
0
0
0
0

100
99
97
97

100
100

100
100
100
97

100
100

99
99
99

100
100

0

98
100
99

100
100
100

99
97
98
95
99
99 3 0 0 99 100 100 97

260
261
262
276
283
M

3
4
4
4
4
3.75

0
0
0
0
0
0.06

0
0
0
0
0
0.13

99
100
97
97
97
99

100
100
100
100
100
100

0
99
0
0

99
68

97
96

100
100
100
99

0
98

100
0

99
74

4

3
6

0

0
0

0

0
0

100

99
100

100

100
100

100

100
100

98

100
100


